Abstract. During 2001 and 2002 , blood smears from 37 of 120 fishes belonging to 10 species captured in the Okavango Delta region of Botswana, were found to harbour trypanosomes. These trypanosomes displayed differing staining properties, were morphometrically variable, and ranged in total length from 29.5 to 80.8 µm. Mixed populations of the smaller and larger trypanosomes were found in most fish examined. Despite variations in size and appearance, these specimens are tentatively identified as Trypanosoma mukasai Hoare, 1932, likely adding another 9 new hosts to those known for this parasite. It is possible that Trypanosoma clariense Pienaar, 1962, described from Clarias gariepinus in South Africa, is also a junior synonym of T. mukasai.
Prior to 1960, knowledge of trypanosomes infecting freshwater fishes in Africa was limited to probably 13 publications describing almost as many species (see Baker 1960 Baker , 1961 . These records were from fishes in French West Africa, the Congo, the Sudan, Uganda, Mozambique and Natal (Baker 1960 (Baker , 1961 . Careful scrutiny of these reports led Baker (Baker 1960 (Baker , 1961 to conclude that only three of these species could be considered valid: Trypanosoma toddi Bouet, 1909 , Trypanosoma mukasai Hoare, 1932 and Trypanosoma tobeyi Dias, 1952 . Even so, Baker (1960) noted that a "small difference in nuclear position" was the only character separating T. toddi from T. tobeyi. He also reported that T. toddi was not remarkably different from T. mukasai and T. tobeyi might prove a synonym of the same trypanosome. Since 1961, new species of trypanosomes from freshwater fishes have been described from South Africa and Egypt (see Pienaar 1962 , Negm-Eldin 1997 , 1998 , and Trypanosoma froesi Lima, 1976 from the rivers and lagoons of southern Africa (see Paperna 1996 , Smit et al. 2000 . However, elucidation of the life cycle of T. mukasai, involving its transmission to a variety of wild-caught host fishes, has led to the conclusion (Negm-Eldin 1998) that most records of freshwater fish trypanosomes across Africa may be of a single species (T. mukasai).
Recently, a single fish trypanosome from the silver catfish Schilbe intermedius Rüppell, 1832, tentatively identified as T. mukasai, was discovered in the Okavango Delta region of Botswana (Smit et al. 2000) . During 2000 and 2001, blood from further fishes was obtained from this source, and the results are reported here.
MATERIALS AND METHODS
Fish were collected in the panhandle region of the Okavango Delta using hand, seine, cast, and gills nets, or by rod and line (see Reed et al. 2002) in June and July of 2001, and during August of 2002. In a mobile field laboratory, fish were measured, identified (Skelton 2000) , and kept in aerated aquaria containing fresh river water. Heart blood smears were fixed in absolute methanol, stained with phosphate-buffered Giemsa (pH 6.8) and screened for blood parasites with a 100 × objective on a Zeiss Axioskop 20 photomicroscope. Microscopic images were captured by digital camera (Nikon DN100), stored on computer disks and then parasites were measured with an Eclipse Net (Nikon) image analysis package, calibrated to a stage micrometer.
RESULTS
The identity, numbers and lengths of fishes captured, and parasite prevalence are recorded in Table 1 . Thirtyseven of 120 fishes, in five families, six genera and ten species, were infected with trypanosomes (Table 1) and infections were generally light. One fish, a thinface largemouth tilapia, Serranochromis angusticeps, was parasitized by both a trypanosome and a dactylosomatid that is described elsewhere (Smit et al. 2003) . No fish was found to bear haematophagous ectoparasites that might act as vectors of these infections.
Trypanosomes varied considerably in size (Table 2 ) and staining properties, and small and large trypanosomes formed mixed populations in most smears examined (Figs. 1-12 ). The smallest trypanosomes (in overall length) were found in the nembwe, Serranochromis robustus, and the largest in the Zambezi grunter, Parauchenoglanis ngamensis (Fig. 9 ), but there was overlap between sizes of trypanosomes among the FOLIA PARASITOLOGICA 51: 299-303, 2004 different species of fishes (see Table 2 ). Generally, the smaller trypanosomes were pale-stained with Giemsa, whereas the larger ones stained deeply, sometimes showing longitudinal striations (Fig. 9) . The most delicately stained trypanosomes were found among the Clarias spp. (Fig. 5 ), but the small trypanosomes found in other fishes such as the finetooth squeaker Synodontis vanderwaali (Fig. 11) and Schilbe intermedius (Fig. 12) were indistinguishable from those found in Clarias spp. Nuclei in the small trypanosomes were often oval and longer than wide, whereas those in the larger trypanosomes also tended to be oval, but wider than long (Figs. 1-12 ). Free flagella were generally rather short and not easily stained, especially in the larger trypanosomes. The undulating membrane was well developed and a distinct kinetoplast lay near the posterior end of the body (Figs. 1-12) . Comparison of flagellar indices (FI values) (see Becker and Overstreet 1979) were unhelpful in distinguishing between trypanosome types, but nuclear indices (NI values) (see Becker and Overstreet 1979) were consistently >1, indicating that the nucleus lay forward of the mid-point of the body for the majority of trypanosomes measured.
DISCUSSION
In the current Okavango Delta study, the large number of fishes infected with trypanosomes and the variety of these flagellates were surprising, especially given the paucity of these in the previous study at the same time of year (Smit et al. 2000) . The small trypanosomes seen in several fishes, especially Parauchenoglanis ngamensis and the threespot tilapia Oreochromis andersonii, closely resembled Trypanosoma mukasai in Table 2 . Morphometrics of the trypanosomes collected in the Okavango Delta. Abbreviations: SD -standard deviation; n -number trypanosomes measured; MA -midnucleus to anterior; MP -midnucleus to posterior; MK -midnucleus to kinetoplast; PK -posterior to kinetoplast; NL -nucleus length; BW -body width; TBL -total body length; OL -overall length including free flagellum; NI -nuclear index; FI -flagellar index. size and morphology. Baker (1960) found small examples of this species in Tilapia esculenta, T. variabilis and Bagrus docmac from Lake Victoria. We presume that the small forms found in our samples are immature stages of this same trypanosome, and probably represent a recent infection. The larger trypanosomes found in the Cichlidae and Mochokidae in Botswana were also morphologically similar to and fell within the size ranges for T. mukasai. The largest trypanosome, seen in P. ngamensis (80.8 µm long), was longer than T. mukasai reported from Uganda (see Baker 1960) , but within the record (up to 90 µm) for experimental infections (Negm-Eldin 1998). Baker (1960) commented that nuclear position, rather than flagellar length may be important in distinguishing the three African freshwater fish trypanosomes that he suspected might be valid species. The nucleus lies forward of the mid-line consistently in the trypanosomes recorded in this study (see NI values), which supports their identity as T. mukasai. However, T. tobeyi, originally named from Clarias angolensis (see Baker 1960) , also has an anterior nucleus. The suggestion that T. tobeyi might be synonymous with T. mukasai (see Baker 1960) , and the subsequent transmission of T. mukasai from Clarias lazera to a variety of genera of wild-caught freshwater fishes by Negm-Eldin (1998), leads to the conclusion that they probably are the same species.
Trypanosoma froesi (=Trypanosoma mugilicola Becker et Overstreet, 1979) occurs in the Mugilidae, and so the only other truly freshwater trypanosome from southern Africa is Trypanosoma clariense Pienaar, 1962 infecting a single sharptooth catfish Clarias gariepinus caught in the Potchefstroom district in the North West Province of South Africa. Unusually, Pienaar (1962) reported this species in his study of blood parasites of South African reptiles. The total body length (35-48 µm) and width (1.3-2.7 µm) of this parasite fall within the ranges of those from C. gariepinus in the Okavango Delta, as well as those of T. mukasai. Pienaar (1962) also mentioned the difficulty in staining the free flagellum, a characteristic found in the majority of the Okavango specimens. Based on Pienaar's (1962) original description (no type material was deposited), the name Trypanosoma clariense may therefore also prove to be a junior synonym of T. mukasai.
Trypanosoma mukasai is thus tentatively recorded from 9 new host fishes in this study: Oreochromis andersonii, Serranochromis angusticeps, S. macrocephalus, S. robustus, Clarias gariepinus, C. theodorae, Parauchenoglanis ngamensis, Synodontis nigromaculatus, and S. vanderwaali. While many trypanosomes observed in the Okavango Delta material can almost certainly be attributed to T. mukasai, their varied size, staining properties and host fishes suggest that careful molecular studies would be helpful in confirming whether they are, in fact, identical genetically.
